The problem of treatment of the hydrocephalus associated with spina bifida has always been a most discouraging one and any improvement in the results, even though slight, is welcome. The treatment heretofore has been indirect with attention directed to preservation of the sac with mobilization of the cord or to restriction of fluid formation by ablation of the choroid plexuses. Both have been reported with some success.
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Although as early as 1894 Arnold described a malformation of the hindbrain associated with spina bifida, little surgical attention has been given to it. Other reports followed, namely, those of Chiari, Schwalbe and Gredig, and more recently Russell and Donald4 presented a comprehensive report of ten cases. All described essentially the same gross findings. It is apparent from these reports that the deformity is in almost every instance associated with a myelomeningocele, and more rarely with a spina bifida containing no nerve elements.
In the cases reported the Arnold-Chiari malformation is distinguished by several characteristic features (Fig. 1) elongations and about the region of the foramen magnum. The leptomeninges surrounding the malformation are often thickened and bound to the surrounding dura by adhesions. Other variable findings are atresia of the aqueduct of Sylvius or plugging of the foramina of Magendie and Luschka. Hydromyelia of the cord is frequently found. In two of our specimens the fourth ventricle was elongated to a narrow tube scarcely more than a millimeter in diameter.
After a consideration of these abnormalities a surgical treatment of the deformity suggests itself. On the basis of their findings Russell and Donald suggest decompression of the spinal cord at the foramen magnum in order to promote the circulation of fluid. They reported operation on the malformation by van Houweninge Graftdijk' in 1932. Death followed operation, however, and the effects on the hydrocephalus could not be determined.
In our series ten consecutive cases of myelomeningocele developed hydrocephalus. Suboccipital exploration was done on eight and the two not operated upon were examined post mortem. The essential Arnold-Chiari findings were observed in each case.
Operative Findings For several days preceding operation the ventricles are drained sufficiently to keep the fontanelles soft. An adequate exposure is obtained through a midline incision with a small transverse cut into the muscles on either side. After clearing the occipital bone the arch of the foramen magnum and the laminae of the first and second cervical vertebrae are removed. The dura usually shows a fusiform enlargement narrowing at the foramen magnum and again at a variable distance below. On opening the dura it is often found to be abnormally thickened in the region of the foramen magnum. Additional laminae are removed if necessary until the exposure is well below the lower limits of the malformation. The leptomeninges are thickened over a variable portion of it and the cisterna magna may be partially or completely obliterated. In some cases, especially in those operated upon soon after the onset of increased pressure, the pial vessels are injected, and free blood, sometimes with pigment, may be found matted in the subarachnoid spaces. After affording an ample decompression, adhesions are severed dose to the dura and the malformation is mobilized as much as possible. While no attempt has been made as yet to resect any part of it, there may be an indication in some cases, where the outlets from the fourth ventride are closed, to make an opening into the ventricle through the upper part of the vermis.
The Mechanical Role of the Malformation In most cases of spina bifida with hydrocephalus the ArnoldChiari malformation is found with essentially the same abnormal features. Yet the changes are variable and sufficiently complex, so that more than one mechanism may operate in the production of the hydrocephalus.
The fourth ventricle extends well downward below the foramen magnum and its foramina of exit open into the vertebral canal rather than intracranially as is normal. The extensions of cerebellum and medulla form an added mass compressing the dural contents above these foramina. Russell and Donald believe that the fluid passes through the foramina of Luschka and Magendie into the subarachnoid spaces in the vertebral canal, but that it is prevented from passing upward into the posterior fossa by the malformation plugging the canal above. They feel that since only a minor part of the fluid is absorbed from the spinal subarachnoid space there is a damming back in the ventricular system resulting in hydrocephalus.
Such a mass as the malformation, however, may also compress the fourth ventricle in the vertebral canal sufficiently to produce a block and prevent the fluid from reaching the foramina of exit. The leptomeninges adjacent to the malformation are thickened and the cisterna magna in several cases was grossly obliterated. The injection of the pial vessels and the free blood and pigment sometimes observed in the subarachnoid spaces over the malformation suggest a mechanical irritation resulting finally in fibrosis with obliteration of the subarachnoid channels. The production of hydrocephalus could be understood on the basis of any one or a combination of the findings described. In addition to these, other abnormalities have been seen, such as atresia of the aqueduct of Sylvius or imperforate foramina of Magendie and Luschka. The greatly narrowed fourth ventricle described in two of our cases would be more readily collapsed than in the cases of the more characteristic deformity where such an extreme narrowing is not found.
The common observation that hydrocephalus appears after the repair of a spina bifida defect can readily be interpreted on the basis of the Arnold-Chiari malformation. The loss of fluid from below following such a repair would allow the malformation to jam in the upper vertebral canal and further compress its contents. On withdrawal of fluid from above, the compression would be relieved in a measure and the circulation improved. Several clinical observations support this view. It has been observed that rupture of the sac is immediately followed by tightening of the fontanelles and enlargement of the head. Further to substantiate this observation, multiple punctures on the sac were done and again this precipitated a hydrocephalus. In cases of hydrocephalus already developed withdrawal of fluid from above did not result in increased growth of the head. Instead, in many instances, growth was retarded and the fontanelles remained soft for a prolonged period of time. Apparently it is only loss of fluid from below the malformation which precipitates an obstruction.
Results of Operation
Ten consecutive cases of myelomeningocele developed hydrocephalus, and operation was performed on the malformation in eight. The spina bifida defect was repaired in seven. In all except one, which was done elsewhere, the sac was conserved according to the method of Penfield and Cone.3 There was one operative death. The growth of the head during the entire period of observation in each case is shown in the graph (Fig. 2) . It can be seen that no essential enlargement followed operation on the malformation for a period of at least one week. Growth then continued at a more normal rate than before operation. With the spina bifida repair, however, tightening of the fontanelles and increased growth of the head followed immediately in every case except one where these changes were delayed twelve days. In Case 4, shown in the graph, even though the suboccipital operation had already been done, repair of the spina bifida defect was followed by increased growth of the head.
Although there was but one operative death, the mortality during the first two years was high. In two cases in which no appreciable change of the growth curve followed operation on the malformation, death was quite likely due to the effects of increased intracranial pressure. In Case 7, even though the pressure was controlled, death occurred suddenly five weeks later from no apparent cause. Death All three have grown to a sufficient age to evaluate satisfactorily their mental progress. This has been comparable in every way to that of other children in the same age group with whom they are associated, with the exception of some retardation of speech development in one.
Only a slight improvement in the function of the lower extremities was observed in one case.
Comment
The findings described point strongly to the Arnold-Chiari malformation as the cause of the hydrocephalus. Deformities similar to this malformation with which a spina bifida was not found have been reported by McConnell and Parker.2 These also were apparently the cause of an associated internal hydrocephalus.
The question arises in cases of myelomeningocele as to the advisability of the suboccipital operation before the onset of hydrocephalus. At this time the patient would be better able to tolerate the necessary surgical procedure. If mechanical irritation is responsible for the secondary changes surrounding the malformation, an added advantage is provided by early operation before these changes become advanced. This question should be considered in the surgical management. In all but one case the spina bifida was repaired with conservation of the sac and with mobilization of the contents, as advocated by Penfield and Cone. While conservation of the sac has not proven of value in these cases the mobilization of its contents is considered advisable.
In those cases which do not respond to operation it is conceivable that additional abnormalities already described, such as atresia of the aqueduct or other obstructions to the flow of fluid, may be present.
While the results of operation on the abnormality can obviously never be completely satisfactory, further improvement can be expected from surgical treatment with recognition of the malformation as the probable cause of the hydrocephalus. 2. Operation on the malformation was done in eight cases with one operative death. The mortality during the first two years, however, was high. During this period two died from hydrocephalus and two from apparently unrelated causes.
3. Improvement followed operation on the malformation, while tension of the fontanelles and increased growth of the head followed spina bifida repair.
4. It is believed that loss of fluid from below the malformation from any cause will precipitate hydrocephalus, whereas the tension is relieved on withdrawal of fluid from above.
